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Basophilic leukocytes constitute a significant propor-
tion of the cellular infiltrates in many forms of delayed-
in-onset hypersensitivity reactions in human beings, 
guinea pigs, and other animals. In this paper, I review 
current information on the role of basophils in the re-
actions, and present similarities and differences between 
Jones-Mote and classic delayed hypersensitivities. 
This paper provides an overview of the morphological 
changes, seen in a large number of biological phenomena, that 
result in the accumulation of basophilic leukocytes at the skin 
test reaction site. Most of the studies described relate to work 
performed in guinea pigs, which, in contrast to mice and rats 
and in keeping with human beings, have a mobile and circulat-
ing pool of basophilic leukocytes that originates in the bone 
marrow. In contrast, mast cells in guinea pigs and human beings 
are relatively sedentary and arise from undifferentiated mes-
enchymal cells in the perivascular areas of connective tissue. 
During the past several years, the Dvoraks and their co-
workers have demonstrated that many forms of delayed-in-
onset, lymphocyte-mediated hypersensitivity reactions in 
guinea pigs and man are characterized by inmtrates containing 
substantial numbers of basophilic leukocytes (Table 1) . As a 
result of their studies they used the term cutaneous basophil 
hypersensitivity (eBR) to describe these reactions [1,2]. Mice 
and rats virtually lack circulating basophils, and it is possible 
that in these species mast cells, which are abundant and have 
metachromatic cytoplasmic granules, fulfill functions similar to 
those of basophils. Prior to 1970 numerous histological studies 
were performed on various types of delayed-in-onset hypersen-
sitivity reactions in guinea pigs and human beings; however, 
none detected the presence of significant numbers of basophils 
in these reactions. The demonstration of basophils in light 
microscopic sections requires the use of electron microscopic 
fixation and processing techniques, i.e., biopsy specimens must 
be embedded in epon and sectioned at 1 f.Lm. Investigators have 
also used other methods to demonstrate the presence of baso-
phils, i.e., they have fixed sections in Helly's fixative and then 
embedded them in paraffin [3] or they have frozen the tissue 
and then subjected sections to methyl green pyronin stain 
(Poulter and Katz, unpublished data); however, quantification 
is more difficult with the latter techniques. 
JONES-MOTE HYPERSENSITIVITY AND CLASSIC 
DELAYED (TUBERCULIN-LIKE) HYPERSENSITIVITY 
Since Jones-Mote hypersensitivity (JMH) skin test reactions 
were the first in which basophil-rich infiltrates were identified 
and were contrasted to classic delayed hypersensitivity (classic 
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Abbreviations: 
CBH: cutaneous basophil hypersensitivity 
DH: delayed hypersensitivity 
DNCB: dinitrochlorobenzene 
FCA: Freund's complete adjuvant 
FIA: Freund's incomplete adjuvant 
JMH: Jones-Mote hypersensitivity 
KLH: keyhole limpet haemocyanin 
PBS: phosphate-buffered saline 
DH) reactions in which basophil-poor inmtrates were identified, 
it seems prudent to defme and contrast these 2 types of reac· , 
tions at this time. It is important to emphasize that JMB 
reactions are but one type of basophil-rich hypersensitivity 
reaction. 
In 1934, J ones and Mote presented a preliminary report 
entitled "The Phases of Foreign Protein Sensitization in Human 
Beings" describing studies initially designed to investigate the 
relationship between streptococcal infections and rheumatic \ 
fever [4]. Using small amounts of rabbit peritoneal fluid or 
serum, they performed multiple intradermal skin tests on hu· 
man beings and recorded the time of development and charac· 
teristics of the skin reactivity. Approximately 80% of the indio 
viduals given repeated skin tests had, as the first sign of hyper· 
sensitivity to rabbit protein, "typical" 24-hr tuberculin-type 
reactions that were "similar in time of development and ap· 
pearance to the bacterial allergic reactions." When skin tested 
again, there was a tendency for many of these individuals to 
have immediate wheal and flare reactions. In a follow-up study 
in 1936, Mote and Jones [5] reported that at the time of their 
24-hr delayed erythematous reaction to the protein, none of the 
subjects had any demonstrable circulating serum antibodies. At 
the time of their wheal and flare reactions, only 4 of 57 subjects 
had circulating antibody as detected by the Prausnitz-Kiistner \ 
technique of passive cutaneous anaphylaxis. In this 2-year 
follow-up of their subjects, they reported that the skin sensitiv· 
ity was usually lost in the reverse order of its appearance, i.e., 
the immediate wheal was replaced by the 24-hr delayed reac· 
tion, which later became negative. No histological studies were 
performed on any of the skin test reactions, so it is impossible 
to determine whether the immediate reaction described was of 
the local anaphylactic or Arthus type. Recently, Askenase and 
Atwood [6] addressed this question by repeating the early 
studies of Jones and Mote and examining the skin test reactions 
with the Rebuck skin window technique (see below). 
In the late 1950's Uhr and co-workers [7,8] studied the 
induction of DH to single protein antigens in guinea pigs by 
sensitization with precipitates of antigen-antibody complexes in \ 
the region of antibody excess. Using 2.5 f.Lg of diphtheria toxoid 
or ovalbumin in the form of antigen-antibody complexes with 
excess antibody for sensitization and the antigen (3 f.Lg) alone 
for skin testing, they showed that maximum DH developed 2 to 
3 weeks after sensitization. Circulating antibody was detected 
in only some of the guinea pigs tested 8 to 10 weeks after 
sensitization. Adjuvants were not required for induction of DB, 
although the persistence of sensitivity was considerably in· 
creased when the precipitates were incorporated in water-in-oil 
emulsions containing Mycobacterium butyricum (also called 
Freund's complete adjuvant, or FCA) . The importance of their 
studies is that they provided, for the fIrst time, a simple method 
of inducing a state ofDH to single proteins without concomitant 
antibody production. Older methods of sensitization of DH had 
also led to humoral antibody formation, and results of the skin 
test reactions were usually complex and difficult to interpret. 
Raffel and Newel [9] confIrmed the findings of Uhr and co· 
workers by showing that in guinea pigs sensitized with antigen· 
antibody complexes in antibody excess in water-in-oil emulsion 
a delayed type of skin reactivity developed 5 and 7 days after 
sensitization. However, they challenged the assumption that 
the DH produced after sensitization with immune complexes I 
was qualitatively identical to that of classic DH. They felt tha\ 
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TABLE I. Basophil-rich delayed-onset hypersensitivity reactions 
Guinea pigs 
Skin 
Jones-Mote hypersensitivity 
Classic delayed hypersensitiv-
ity (early after sensitization) 
Allergic contact dermatitis 
Allograft rejection 
Syngeneic tumor rejection 
Vaccinia virus infection 
Schistosomal hypersensitivity 
Tick bite reaction 
Passive transfer of lymphocytes 
Phytohemagglutinin skin reac-
tion 
Immune serum transfer reac-
tion 
Systemic anaphylactic reaction 
Other organs 
Peritoneal rejection of ascites 
tumor 
Ocular hypersensitivity to sol-
uble proteins 
Human beings 
Skin 
Jones-Mote hypersensitivity 
Classic delayed hypersensitiv-
ity 
Allergic contact dermatitis 
Other organs 
Renal allogTaft rejection 
Other species 
Experimental allergic encepha-
lomyelitis (rats) 
Phytohemagglutinin skin reac-
tion (chickens) 
Rous sarcoma virus response 
(chickens) 
Hypersensitivity reaction to 
protein antigens (rabbits) 
the evanescent delayed type of skin reactivity seen 5 and 7 days 
after ,sensitization fitted neither the concept of classic DH, 
largely because of its early appearance and failure to persist 
beyond a few days as do tuberculin or contact hypersensitivity 
reactions, nor the concept of immediate hypersensitivity_ Thus, 
they called these evanescent reactions "Jones-Mote type skin 
reactions" since Jones and Mote [4] were among the earliest to 
describe reactions similar to those studied by Raffel and Newel. 
In 1958, Salvin [10] described his experiments, in which skin-
tested guinea pigs, after sensitization with either purified diph-
theria toxoid or recrystallized ovalbumin in water-in-oil emul-
sions not containing Mycobacteria (Freund's incomplete adju-
vant, or FIA) , had DH reactions that varied over a period of 
time with the quantity and nature of the sensitizing antigen_ 
The smaller the amount of sensitizing antigen, the longer the 
animals had DR. This DH was passively transferable from 
sensitized donors to normal recipients with leukocytes and not 
with serum. The state of DH was almost always followed by 
the Arthus type of hypersensitivity and the concomitant ap-
pearance of circulating antibody. Salvin postulated that the DH 
state might be one phase in a sequence of events leading to the 
production of circulating antibodies. He also indicated that 
there were 3 sequential phases of sensitization: a latent period, 
a period of DH, and a period of DH with a superimposed 
Arthus-type sensitivity. From these results it was not possible 
to determine whether (a) the Arthus reactivity was masking 
the delayed type of skin reaction or (b) the latter was 
superseded by the Arthus reactivity. Results of a recent study 
by Neta and Salvin [11] favor the latter view. They demon-
strated that after sensitization of guinea pigs with 3 Ilg of 
ovalbumin in FIA, skin testing resulted in a state of DH 5, 6, 
and 7 days after sensitization. However, on the 8th day most 
animals showed neither delayed nor Arthus reactions. This 
view is also substantiated by the studies of Katz, Parker, and 
Turk [12]. 
Nelson and Boyden [13], performing a detailed study of skin 
reactions in guinea pigs, critically evaluated methods for the 
induction and assessment of DH to pure proteins. Useful defi-
nitions of and distinctions between JMH reactions and classic 
DH skin reactions emerged from their study. 
Classic delayed shin reactions, similar to those seen in BCG-sensi-
tized, tuberculin-skin-tested (PPD-skin-tested) animals, were charac-
terized by erythema and induration, which first became percept ible 6 
hr after skin testing, reached its maximal intensity within 24 to 30 hr, 
and remained indurated after 48 to 72 hr. These reactions were seen 
in animals that were sensitized with native or modified protein antigens 
in FCA and skin-tested 7 days later, and in animals that were sensitized 
with antigen-antibody complexes in FCA and skin-tested 7 to 14 days 
later. 
Jones-Mote reactions were characterized by erythema and a slight 
thichening that was delayed in onset (i.e., it appeared 6 hr after skin 
testing, usually reached its maximal intensity at 24th hr, and disap-
peared within 48 hr) . These reactions were seen in animals skin-tested 
7 days after sensitization with proteins in FlA. They were also elicited 
7 days after sensitization with antigen-antibody complexes in antibody 
excess in FlA. 
It is important to note that JMH skin reactions were more 
transient than the classic DH ones, and the state of JMH was 
more transient than that of the classic DH. DH reactions 
elicited in animals sensitized with antigen in FCA became 
stronger as the interval between sensitization and skin testing 
increased, whereas JMH reactions were usually not detectable 
14 days after sensitization with antigen in FIA. Other compel-
ling immunochemical and biological evidence for the distinction 
between JMH and classic DH have also been presented [1,14], 
as has the difference in tolerogenic requirements for each type 
of hypersensitivity [15]. Microscopic differences are presented 
below. 
Important similarities also exist and are probably the major 
reason why many investigators have for years considered these 
types of hypersensitivity qualitatively identical and felt that 
JMH was but a mild form of classic DH. These similarities 
relate to the fact that both types of hypersensitivity are pas-
sively tTansferable with (presumably T) lymphocytes [10,12, 
16,17] and to the fact that hapten and carrier specific responses 
to both exist [1,18]. In addition, the immune responses of both 
types of hypersensitivity are under the genetic control of his-
tocompatibility-linked immune response genes [19]. 
BASOPHIL-RICH INFILTRATES IN DELAYED-ONSET 
HYPERSENSITIVITY REACTIONS 
Identification of Basophils in Skin 
Basophils are identified in the infiltrates of epon-embedded 
tissue by their large, blue-staining cytoplasmic gTanules and 
multilobed nuclei, whereas mast cells are identified by their 
unilobed nuclei and smaller, peripherally located metachro-
matic gTanules (Fig 1 and 2). Granules of neutrophils are very 
small compared to those of mast cells, basophils, and eosino-
phils. Eosinophil granules stain Ted with acid Giemsa, whereas 
basophil granules hardly stain at all. The basophils are usually 
localized in the superficial dermis and are occasionally seen 
packed within blood vessels (Fig 3) . In the electron microscope, 
most of the basophil gTanules are amorphous, with an occa-
sional hint of periodicity whereas about 5% exhibit a character-
istic periodicity of banding at 130 A, and very few (0.01 %) have 
a hexagonal and honeycomb-shaped matrix (Fig 4). 
Our demonstration that basophils constitute a large percent-
age of the infIltrating cells in JMH, allergic contact dermatitis, 
and classic DH skin reactions elicited soon after sensitization 
(Fig 5) [20] is consistent with findings from the numerous 
studies of Dvorak [21]. The reason for the basophil-rich infil-
trates in the classic DR reactions elicited early after sensitiza-
tion remains unknown, but their presence has been interpreted 
to mean that soon (1 week) after sensitization to soluble proteins 
in FCA the skin test reaction is a combination of classic DH 
and CBR [2]. Numerous studies have demonstrated that 4 to 
6 weeks or longel' after sensitization to proteins in FCA, skin 
test reactions that are very intense, but basophil-poor, occur. It 
should be noted, however, that basophil-rich skin reactions may 
persist indefinitely after immunization with antigens that do 
not result in significant antibody responses. When one compares 
the time course of appearance of basophils at the reaction sites 
with the time course of the evolution of the reactions, it is 
apparent that basophils constitute a large proportion of the 
infiltrating cells when the gross reaction is either waning or is 
totally imperceptible (Fig 6) [22]. There are numerous expla-
nations for this finding; the most likely comes from Colvin and 
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FIG 1. Mast cell (M) and basophil (B) in skin infiltrate. See text for 
characteristic features of each. Epon-embedded section stained with 
alkaline Giemsa. 
FIG 2. Superficial infiltrate, 24 hr after skin test, in animals sensiti2;ed 
to ovalbumin in Freund's incomplete adjuvant; note the large number 
of basophils. Epon-embedded section stained with alkaline Giemsa. 
FIG 3. Superficial blood vessel packed with basophils from same 
section as in Fig 2. 
Dvorak [23], who proposed that the induration in skin test 
reactions is not directly due to the quantity of cells in the 
infiltrate but rather to the amount of fibrin deposited at the 
reaction site. The steep rise in percentage of basophils 48 to 72 
iu: after skin testing may be the result either of an increase in 
the number of basophils migrating into the reaction site or of 
fewer basophils, as opposed to mononuclear cells, migrating 
away from the reaction site. Whatever the cause, it is interesting 
that basophils comprise only about 0.5% of the circulating 
leukocytes, even during these reactions. Thus, there is at times 
up to a lOO-fold preferential increase in the number of these 
cells at the skin test reaction site in certain types of hypersen-
Vol. 71, No.1 
sitivity reactions. The basophils tend to accumulate in the 
superficial dermis, which is not where the antigen necessarily I 
accumulates [24]. 
Why Do Basophils Come to Cutaneous Reaction Sites? 
Basophil accumulation at reaction sites may be due to mech-
anisms that vary according to the particular type of sensitization 
schedule and the method of skin testing. At least 2 specific 
immunologic mechanisms have been demonstrated. The first I 
depends on sensitized lymphocytes that, when exposed to spe-
cific antigen in vitro, release a basophil chemotactic factor, 
which has been carefully characterized and which differs, by 
FIG 4. E lectron micrograph showing typical basophil (reduced from 
x 22,000). Inset: characteristic patterns seen in granules (reduced from 
x 140,000). A, periodic banding at 130 A; B, hexagonal pattern; C, 
amorphous. 
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physicochemical criteria, from other so-called lymphokines 
(25). This basophil chemotactic factor can be obtained with 
lymphocytes from animals sensitized with proteins in FCA or 
FIA. Numerous other basophil chemotactic factors have been 
demonstrated in man by means of in vitro techniques; these 
include complement components such as C5a or C567, diffusates 
from passively sensitized lungs, the enzyme plasma kalliiuein, 
and supernatants from sensitized lymphocytes stimulated with 
specific antigen (26). Stadecker and Leskowitz have shown that 
phytohemagglutinin (a nonspecific T cell mitogen) injected 
intracutaneously into guinea pigs induces basophil-rich skin 
reactions (27). 
Another mechanism by which basophils may accumulate at 
a skin test reaction site is via the interaction between serum 
factors (obtained several days after sensitization) and specific 
antigen. These serum factors, which are induced after intracu-
taneous sensitization with proteins emulsified in FCA or in FIA, 
migrate with IgG t antibodies [28]. The serum factors are dem-
onstrated by passive transference of the immune serum into 
nonimmune animals and skin testing shortly thereafter. Al-
though macroscopic lesions are not uniformly detected, baso-
phil accumulations may be seen. These factors probably appear 
only transiently in the serum because immune serum containing 
high-titered, passive cutaneous anaphylaxis (IgG t ) antibody 
does not induce basophil accumulation at the skin test site 
[20). These serum study results, which are of particular der-
matological interest, perhaps are conelates of the recent find-
ings of Dvorak et al [29). When these authors sensitized guinea 
pigs with soluble proteins or sheep erythrocytes and challenged 
them parenterally with antigen 5 to 7 days after sensitization, 
"a systemic, delayed-onset, maculopapular rash" developed, 
and this rash microscopically showed a "moderately intense 
infiltrate of basophils" in the upper dermis and dilatation and 
compaction of superficial venules with erythrocytes and leu-
kocytes, particularly basophils. Comparable basophil-rich infil-
trates were not found in the internal organs. 
What is the Function of Basophils at These Reaction Sites? 
The essential functions of basophils in these reactions are 
unknown, but they al"e undoubtedly l"elated to the contents of 
the cytoplasmic granules that contain histamine, heparin, and 
other pharmacologic mediators [30). Goldman, Simpson, and 
Dvorak [31] demonstrated that in DH l"eactions, the extent of 
basophilic accumulation in skin correlates well with the hista-
mine content of the skin. A phagocytic function for basophils, 
similar to that of neutrophils or macrophages, was sought but 
was not demonstrated by Stadecker and Leskowitz [24], who 
used particulate antigens (ovalbumin-coated sheep erythro-
cytes or sheep erythrocytes alone) for sensitization and elicita-
tion of JMH. Basophils wel"e found in the superficial dermis, 
whereas the antigen was phagocytosed by macrophages in the 
deeper dermis. The distinct lack of contact between antigen 
and basophils supports the proposition that the basophils ap-
pea.r in response to chemotactic factors elaborated by other 
cells. In guinea pigs, but not in human beings, only a small 
percentage of the infiltrating basophils are degranulated [32). 
It is important also to note that the vast majority of cil"culating 
basophils and those teased from skin sections of animals simsi-
tized fOl" JMH show no direct binding to specific antigen [18]. 
Because fibrin deposition is far more prominent in classic DH 
than in JMH skin reactions [23], it is possible that basophils 
have a role either in reducing polymerization of fibrinogen to 
fibrin or in increasing fibrinolysis. 
Modulation of Basophil-Rich S/~in Reactions 
We had previously shown that treatment of guinea pigs with 
cyclophosphamide (an alkylating agent) 3 days before sensiti-
zation depletes a population of lymphoid cells (suppressor cells, 
presumably B cells) t hat, when present, normally modulate 
allergic contact and JMH [33,34]. In our studies, skin test 
reactions in animals treated with a single dose of cyclophospha-
mide (given before sensitization) were more intense and pro-
longed than reactions in noncyclophosphamide-treated ani-
mals. In determining the morphological changes in these more 
intense skin test reactions, we only infrequently detected ba-
sop hils in the 24- and 48-hl" reactions. They were mal"kedly 
reduced in the 72- and 96-1u reactions [20]. Thus, for delayed-
in-onset skin test reactions that are markedly enhanced, baso-
phils are not required. It may be that, in certain systems, 
basophil function is related to the inhibition or suppression of 
normal reactions and that these reactions are more intense in 
their absence. In fact, Dvorak et al have shown (a) that the 
skin test reactions to dinitrochlOl'obenzene (DNCB) in animals 
sensi tized to DNFB in FCA a.re larger and more intense than 
those elicited in animals sensitized with DNFB epicutaneously 
and (b) that there is a significant decrease in the percentage of 
basophils infiltrating the sites of these more intense reactions 
[16]. 
In more recent studies, Ban and I (unpublished data) sought 
to determine whether if we increased the numbers of infiltrating 
basophils in ab·eady basophil-rich reaction sites there would be 
any gross macroscopic changes. We utilized a well-known tech-
nique to make guinea pigs basophil-rich [35], that is, we gave 
Hartley strain guinea pigs 1 rnl of horse plasma or phosphate-
buffered saline (PBS; as control) for 14 consecutive days. On 
the 5th day both groups of animals were sensitized to 10% 
DNFB in acetone:olive oil (1:1). On the 12th day peripheral 
basophil counts were performed, and animals were skin-tested 
with graded doses of DNFB in acetone:olive oil (4:1). Basophils 
in the skin were quantified by examination of I-Mill thick epon-
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TABLE II. Allergic contact dermatitis in basophil· rich guinea pigs" 
Blood 
Treatment basophils 0.5%' (1 ml/day) (% peri pheral 
leukocytes) 
24 48 24 
PBS 0.53 2 1.7 1.5 
Horse plasma 4.9 2 1.6 1.5 
" Six animals in each group. 
/> Assessed according to the method of Parker and Turk [36). 
e Concentration of DNFB used for skin testing. 
0.25% 
embedded sections. The results of these experiments are shown 
in Table II. It should be noted that in several other experiments 
in which there was at times a 20% basophilia in the peripheral 
blood, t h e gross reactions were again no different from those of 
t he control animals, which had 0.5% circulating basophils. Of 
course it may be that only a small but crucial number or type 
of basophils is required for modulation of the reaction if mod-
ulation is indeed one of the functions of basophils. With newer 
techniques for t h e isolation of basophils, researchers may be 
able to investigate basophil function more directly. 
Basophil-Rich Skin Reactions in Man 
Basophils comprise a much smaller percentage of t he infIl-
trate in allergic skin reaction sites in m a n than in guinea pigs. 
In allergic contact dermatitis, basophils may constitute only 5 
to 15% of t h e infiltrate [37,38]. However, th e human reactions 
are ch aracterized by degranulation and replication of mast cells 
[37]. In people, mast cells may supplem ent the function of 
basophils. In mice, which have no basophils, mast cells are 
essential for the expression of delayed-in-onset reactions [39]. 
A recent gross and microscopic study by Askenase a nd At-
wood compru·ed tuberculin hypersensitivity (or classic DH) 
reactions and JMH reactions in human beings [6]. They de-
tected significan t basophil accumulations in 5 of9 subjects with 
strongly positive PPD skin test results and in 18 of 20 subjects 
with positive keyhole limpet haemocyanin (KLH) skin test 
results 1 week after intradermal sensitization with KLH. They 
suggested that basophils are not a distinguishing feature of 
JMH reactions because they also occur in classic DH reactions. 
Askenase and Atwood used the Rebuck skin window in their 
study in order to longitudinally assess the infIltrate, so their 
results may not be en tirely comparable to those from the 
compreh ensive study by Dvorak et al [37]. 
CONCLUSIONS 
1. In guinea pigs, human beings, and other species, basophil-
rich infIltrates h ave been identified (Table I) at the sites of 
many hypersensitivity reactions. 
2. There are several immunologically specific mechanisms 
that can explain the presence of basophils. 
3. Their function at the reaction site is unknown, but it is 
probably related to the pharmacologic contents of the granules. 
4. Controversy exists over whether, at least in people, cuta-
neous basophil hypersensitivity (CBH) represents a distinctive 
nosologic entity to be distinguished from classic DH. 
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The Third Regional Conference of Dermatology will be held in Bali, Indonesia from November 23 to 
27, 1978. The official language of the conference will be Engbsh. The scientific program will include 
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and bacterial infections. For information contact Dr. A. Kosasih, 55A, JI. Moh. Yamin SH, J akarta, 
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